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MECHANICS OF HISTORICAL MASONRY  STRUCTURES 
•  Masonry	is	the	building	of	structures	from	
individual	units	laid-in	and	bound	together,	in	
general	by	mortar.	
•  The	common	materials	of	HISTORICAL	MASONRY	is	
stone	(such	as	marble,	granite,	traverEne,	
limestone)	or	brick	and	lime	mortar	(it.	malta	di	
calce).	
•  Masonry	is	generally	a	highly	durable	form	of	
construcEon.	However,	the	solid	materials	used,	
the	quality	of	the	mortar,	the	paKern	in	which	the	
units	are	assembled	and	workmanship	(it.	abilita’)	
signiﬁcantly	aﬀect	the	durability	of	the	overall	
masonry	construcEon.	
STONEWORK 
(STONE MASONRY)    
 
RUBBLE 
 
ASHLAR 
RUBBLE – fragment of broken rocks (it. pietrame greggio) 
 
ASHLAR  - squared stone (it.pietra squadrata) 
 
•  Stonework	/	Stone	masonry	
•  Stone	blocks	used	in	masonry	can	be	dressed	or	rough.		
•  Stone	masonry	uElizing	dressed	stones	is	known	as	ashlar	
masonry,	whereas	masonry	using	irregularly	shaped	stones	is	
known	as	rubble	masonry.	
•  Both	rubble	and	ashlar	masonry	can	be	laid	in	courses	(rows	of	
even	height)	through	the	careful	selecEon	or	cuQng	of	stones,	
but	a	great	deal	of	stone	masonry	is	uncoursed.	
•  Stonework	/	Stone	masonry	2	
•  Natural	stone	veneers	walls	are	widely	used	to	give	the	appearance	
of	stone	masonry.	
•  SomeEmes	river	rocks		or	pebbles	(smooth	oval-shaped	stones)	are	
used	as	unit	in	masonry.	
	This	type	of	material	is	not	favored	for	solid	masonry	as	it	requires	a	
great	amount	of	mortar	and	can	lack	intrinsic	structural	strength.	
( Veneers wall = it. parete di rivestimento) 
(pebble = it. ciottolo) 
Murature di ciottoli (pebbles) o  
pietrame greggio (rubbles) 
•  Le murature di ciottoli fluviali (pebble) 
tondeggianti e levigati dovevano la loro 
resistenza alla malta di argilla, calce o 
pozzolana),  
•  Con il pietrame greggio (rubble) 
spezzato dall’azione del tempo o per 
sommaria lavorazione, si potevano 
anche realizzare murature a secco (dry 
masonries). 
•  In ogni caso non era possibile rispettare 
una disposizione regolare degli 
elementi e l’unica regola seguita era 
quella di evitare che i giunti verticali, 
fra gli elementi sovrapposti in 
contiguità, fossero allineati. 
•  (Avoiding alignment of head joints)   
Paramento esterno con elementi di pietra 
grezza calcarea (uniti con malta di calce) 
senza orizzontamenti leggibili: a) 
assonometria, b) prospetto, c) sezione 
trasversale e d) foto prospetto. 
a) 
b) 
c) 
d) 
 
 
River rock (smooth oval-shaped stones), pebbles = it. Ciottoli 
Dry masonry (no mortar) 
(it. Murature a secco) 
Tipica costruzione rurale in muratura a 
secco di pietrame lavico con pseudo-
cupola a forma conica: le pietre sono 
disposte a cerchi concentrici di diametro 
decrescente verso la sommità.   
Posa  in opera di un muretto a 
secco: elementi in pietra diversi 
sono distribuiti in modo da 
limitare l’entità dei vuoti 
interposti.  
Rural constr. dry masonry 
Conical pseudo-dome Dry masonry wall. Minimizing the voids 
To fit stones 
Strutture in muratura 
Stone work structures 
Stone work for star-vaults in Lecce 
Dry  masonry 
with flakes 
Rubble masonry (stone from quarry) 
Murature di pietrame da cava grossolanamente lavorato 
Paramento caratterizzato dalla presenza 
preponderante di elementi di grosse 
dimensioni: le scaglie hanno la funzione di 
regolarizzare il contatto delle pietre grandi 
Sezione costituita prevalentemente da 
elementi in pietra lavica grossolanamente 
squadrati: i mattoni sono utilizzati a 
completamento di alcuni filari o come 
regolarizzazione dei letti di posa 
Stone flakes (it.scaglie di pietra) 
to regulate contacts 
Brick to regulate 
contacts 
REGULAR quasi-PERIODIC 
 BRICKWORK 
  
Opus poligonale 
Stone pattern  
PERIODIC pattern 
Facilitate homogeneization in macromodels   
 Masonry by quarry stones (workmanship) 
(Murature di pietrame da cava (grossolanamente lavorato) 
Tipi di paramenti murari di pietrame: 
a)  Ad opera incerta     c) Con pietre disposte a strati 
b)  A conci squadrati diseguali    d) Con pietre uguali sfalsando i giunti 
verticali 
Ashlar m. 
No alignment 
of bed joints 
Opus incertum 
Old Roman tech. 
After: 
Opus reticulatum 
(engl.reticulated work) 
REGULAR PERIODIC  BRICKWORK WITHOUT MORTAR JOINTS 
Opus quadratum 
From	castle	in	Germany	
Rubble masonry  
No dressed stones (rough)  No courses  
HISTORIC MASONRY 
City wall in Worms, Germany 
Dressed stones Even height courses   Head joints quasi-aligned 
(pr. Alaind, it. Allineati)) (Pronunce: quesai or quasi)  
Historic masonry  
Ancient	stonework,	Delphi	
Opus poligonale 
Historic masonry  
Ancient	Inca	wall	
Builted stones 
HISTORIC MASONRY 
REGULAR PERIODIC 
 BRICKWORK WITH 
 MORTAR JOINTS 
 
Opus reticulatum is a form of brickwork used in ancient Roman Architecture. 
It consists of diamond-shaped stones (usually tuff) on a core of cement mortar. 
 
OPUS-RETICULATUM = engl. WORK-NET then NET_WORK 
Villa Adriana  
2nd Century 
HISTORICAL MASONRY 
Costa Brava _ Spain 
Muratura con rivestimento lapideo a bugnato della facciata 
di Palazzo Pitti (Firenze) 
Murature	di	pietra	da	taglio	o	conci	
Veneer  

FRIULI  
Earthquake 1976 
Masonry Analysis 
Collapse mechanism 
From Report RELUIS 
Masonry Quality Index (IQM): visual inspection of masonry texture 
 and cross section. 
Shape of resistant units = Forma degli elementi  resistenti (F.EL.) 
 No alignment of head joint = Sfalsamento giunti verticali (S.G.) 
Diatoni, Ingranamento > Link, comb system. 
From Report RELUIS 
  
MASONRY 
 
BRICK WORK 
•  Brickwork	/	Brick	Masonry	
•  Solid	brickwork	is	made	of	two	or	more	layers	of	
bricks	with	the	units	running	horizontally	(called	
stretcher	bricks)	bound	together	with	bricks	running	
transverse	to	the	wall	(called	"header"	bricks	/	it.	
“di	testa”	or	“diatoni”).	
•  	Each	row	of	bricks	is	known	as	a	BRICK-COURSE	
•  (it.	“Corso	di	ma8oni”	)	
•  The	paKern	of	headers	and	stretchers	employed	gives	
rise	to	diﬀerent		bonds,	the	English	bond,	and	the	
Flemish	bond	(with	alternaEng	stretcher	and	header	
bricks	present	on	every	course).	
•  Ver=cally	staggered	bonds	tend	to	be	somewhat	
stronger	and	less	prone	to	major	cracking	than	a	non-
staggered	bond.	
BOND could correspond to  (it. “apparecchiatura muraria”) sin. Brick Pattern  
Stagger = it. “alternata”  

Flemish bond 
Flemish bond, also known as Dutch bond, has historically 
always  
been considered the most decorative bond, and for this reason  
was used extensively for dwellings until the adoption of the cavity 
wall. 
 
Flemish bond  
 
 
 It is created by alternately laying headers and stretchers in a 
single course. 
 The next course is laid so that a header lies in the middle of the 
stretcher  in the course below.  
 
This bond is one brick thick. It is quite difficult to lay  
Flemish bond properly, since for best effect all the perpendiculars  
(vertical mortar joints) need to be vertically aligned. 
 
 If only one face 
 of a Flemish bond wall is exposed, one third of the bricks are not 
visible,  
and hence may be of low visual quality. This is a better ratio than 
for  
English bond, Flemish bond's main rival for load-bearing walls.  
English bond 
This bond has two alternating courses of stretchers and 
headers, 
 with the headers centered on the stretchers,  
and each alternate row vertically aligned. 
 
(Weep=it.lacrime!) 
BrickWork 
Hollow brick 
Semi-direct transmission sonic waves 

CIVIC TOWER of RAVENNA   partcular of brickwork texture at “bifora” level 
Arco di scarico 
Unloading arch  
Buca pontaia 
CIVIC TOWER of RAVENNA 
Particular of brickwork texture   
y1
y2
t1
t2
La volta ha una luce di circa 29 m e una freccia di 7 m; lo spessore in chiave è di 1,40 m. 
MATERIALE: conci in Pietra d’Istria (1,40 x 0,50 x 0,50 m) (rappresentati dai 
 parallelepipedi nella figura) e mattoni in laterizio (che vanno a riempire gli spazi  
lasciati dalla pietra d’Istria) 
Caratteristiche  della muratura dell’arco del  Ponte  di  Rialto 
 
Gothic  vaults with ribs 
Romanesque cross vault 
Note the different position of bricks  
on the cylindrical surface 
Pointed arch 
   Circular 
arch 
(Norman v. = v. normanna) 
Ss TRINITA’  ABBEY  -  
 VENOSA  (POTENZA)   zona fortemente sismica 
BANDED MASONRY 
DEFECT: VERTICAL JOINT (HEADED) LINED UP        
MURATURA LISTATA 
De Amicis School 
In L’AQUILA after 
Seimic shock 2009 
BAND 
BANDED  Masonry 
suggestion 
RECONSTRUCTION with reinforced 
(CFRP) band  
HISTORICAL MASONRY: 
 
TYPOLOGIES and related  
mechanical properties 
Masonry	typology	in	ancient	trea=ses	
xyz 



Shear wall specimen subjected to lateral in plane force  
until collapse 
The mechanism (crack pattern depends by the “bond” of brickwork)  
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PERIODIC STRUCTURE   REV  >> “MACRO-BRICK” 
English bond 
Brick	Masonry	
inﬂuence	of	thickness	of	bed	joint	
tm = th. mortar 
tb = th. brick 
fwc = Failure wall  
          compr. 
fbc = Failure BRICK  
         compr. 
mattone 
Brick	Masonry	
Inﬂuence	of	the	material	of	bed	joint	
Compressive strength  
Typology of bed joint Ratio to brick strength 
from Hendry 
CaraGeri	
condizionan=	
la	resistenza	
meccanica	
della	muratura	
Aspects related 
 to compressive strength 
 of the brick masonry 
Analysis of historical masonry morphology 
Masonry analysis / file /dossier / scheda 
by prof P.Faccio 
IUAV 
Arenaria =  
sandstone 
Trachite = trachyte 
   (pron. Tracait x it.)  
Calcare = 
 limestone 


